Transient hypogammaglobulinemia of infancy (THI) is characterized by recurrent infections and one or more reduced serum immunoglobulin levels. Typically, THI patients recover spontaneously, mostly within 30-40 months of age, but sometimes recovery may be delayed until 5-6 years of age. The use of intravenous immunoglobulin (IVIg) as an alternative to antibiotic prophylaxis remains contraversial also in symptomatic THI patients. In fact, some authors believe that IVIg therapy may cause a delay in the maturation of the humoral immune system because of the interference from passively transfered antibodies. The aim of this study was to investigate the effect of IVIg replacement on recovery from immunodeficiency in THI patients and determine new parameters in order to include these patients in IVIg therapy groups. In this retrospective study, 43 patients (65%) received IVIg replacement therapy while 23 patients (34.8%) showed spontaneous normalization without IVIg. The percentages of patients who had more than six times the number of febrile infections in a year decreased from 91% to 21% in the group receiving IVIg treatment. At admission, before being recruited to IVIg therapy, serum immunoglobulin G (IgG) levels and antihemophilus B (Hib) antibody titers were found to be significantly low in cases who were selected for IVIg replacement. The percentages of patients who did not have protective levels of anti-Hib, anti-rubella or anti-rubeola-IgG were also significantly high in IVIg cases. There was no statistically significant difference in the age at which IgG levels normalized between the IVIg and the non-IVIg group. Patients in the IVIg group and non-IVIg group reached normal IgG levels at the age of 42.9±22.0 and 40.7±19.8 months, respectively. In conclusion, IVIg infusions do not cause a delay in the maturation of the immune system in THI patients. Besides the well-established criteria, very low and non-protective specific antibody responses against previously applied vaccines are important factors to consider when selecting patients for IVIg therapy.
Introduction
Transient hypogammaglobulinemia of infancy (THI) is a common primary humoral immunodeficiency characterized by a transient immunoglobulin production defect which resolves by 30-40 months of life. However, in rare cases, the period of recovery can extend to up to five years. 1, 2 In the blood samples of these patients, initial serum immunoglobulin G (IgG) levels are lower than two standard deviations below the mean for age-specific reference values. They then begin to increase and are followed by normal values. The diagnosis of THI can be made retrospectively. 3, 4 THI patients frequently have recurrent infections and are sometimes asymptomatic. 2, 5 Transient hypogammaglobulinemia of infancy is not considered to be a disease that justifies substitutive intravenous immunoglobulin (IVIg) therapy and thus the use of IVIg as an alternative to antibiotic prophylaxis remains controversial. Little is known about whether the immunoglobulin replacement treatment has a negative effect on the maturation of the patient's immune system. In a paper concerning early treatment with IVIg, Buckley and Durham raised concerns related to the risk of interference with and delay of endogenous specific antibody production. 6 However, 10-20% of THI patients who had severe and recurrent infections and who, therefore, needed hospitalization were given IVIg by their physicians and pediatric immunologists. 7 The aim of this study was to investigate the effect of IVIg therapy on recovery from immunodeficiency in THI patients, and to monitor and compare the clinical and laboratory characteristics of those THI patients selected and those not selected for IVIg treatment.
Materials and Methods

Study design and patients' characteristics
The following criteria were used to diagnose THI patients at the Ege University Faculty of Medicine, Department of Pediatric Immunology, Izmir, Turkey: i) at admission IgG serum levels less than 2 SDs of age-related normal values; ii) over 2% circulating B cells; iii) exclusion of known causes of hypogammaglobulinemia such as drugs, genetic disorders, chromosomal abnormalities, infectious diseases, neoplasias, systemic disorders and prematurity. Sixty-six patients under the age of 48 months whose IgG reached age-related normal levels during follow up were included in the study and their data were evaluated retrospectively. Of these patients, 43 received IVIg (IVIg group) and 23 received prophylactic antibiotics or did not receive any medication at all (Non-IVIg group) before normalization of their immunoglobulin levels.
The THI patients who satisfied the following criteria received IVIg therapy at the Ege University: i) patients who had six times or more upper respiratory infections and/or otitis media, or two or more sinusitis, or one or more pneumonia events in one year; ii) patients who used antibiotics more than six times a year; iii) patients who needed intramuscular or intravenous injection for the recovery of infection; iv) patients who had severe infections such as menengitis or sepsis. Patients fulfilling these criteria received 400-500 mg/kg IVIg at 6-8 week intervals and were all monitored for IgG-M-A levels just before IVIg replacement. In addition, some of the following criteria were applied for stopping IVIg therapy: i) steady increase in serum immunoglobulin concentrations; ii) clinical recovery findings (such as 50% decrease in frequency of infections); iii) normalization of IgG at least two months after last IVIg therapy (just before scheduled treatment). The IgG level obtained before IVIg replacement was suggested to be the patients' own because of the approximately 3-week half-life of IgG. An evaluation sheet was used to summarize the patients' characteristics including name, gender, date of birth, age at onset of symptoms, age at admission. Clinical characteristics included type and frequency of infections, and total duration of IVIg therapy. Laboratory data included whole blood count, serum immunoglobulin concentrations, absolute counts and percentages of lymphocyte subsets, serum specific antibody responses against tetanus, hemophilus influenza type B, hepatitis B, rubella, rubeola and mumps, and age at normalization of serum immunoglobulins, especially serum IgG. In the IVIg group, these values were all obtained before IVIg therapy except for immunoglobulin levels that were periodically monitored. Approval from the Institutional Ethics Committee and informed written consent for participation was obtained in all cases. All patients with THI received instructions for home care during follow up.
The following laboratory methods had been used to evaluate THI patients: whole blood count, leukocyte counts, absolute neutrophil and lymphocyte counts, and relative ratio, performed with a hemocounter (Cell-Dyn 3700, Abbott Diagnostics, Abbott Park, Illinois, USA).
Serum immunoglobulins (IgG, IgA, IgM) were evaluated by nephelometry (Dade Behring BNII, Siemens, Germany) and compared with age-related normal levels. 8 Absolute counts and percentages of lymphocyte subsets (CD3 + T, CD19 + B, CD16 + 56 + NK, CD3 + CD4 + Thelper and CD3 + CD8 + cytotoxic cells) were investigated by 4-color flow cytometry (FACSCalibur, Becton-Dickinson, USA).
Serum anti-tetanus IgG, anti-hemophilus influenza type b IgG, anti-rubella IgG, antirubeola IgG, and anti-mumps IgG levels were investigated using commercial ELISA kits. 
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Statistical analysis
Statistical analyses were performed using SPSS (Windows version 17.0, SPSS Inc., Chicago, IL, USA). c 2 and Mann Whitney U tests were also used. P<0.05 was considered significant.
Results
A total of 66 THI patients (11 female, 17%; 55 male, 83%) 6-48 months of age were included in this study. Mean age at admission of all patients was 14.5±9.5 months. Sixty percent of patients had infections 6-12 times per year and the most frequent infection types were upper respiratory tract infections (n=20, 34.5%), lower respiratory tract infections (n=14, 24%), and urinary tract infections (n=8, 13.8%).
Forty-three patients (65%) received IVIg replacement therapy while 23 patients (34.8%) showed spontaneous normalization without IVIg. IVIg therapy was started at the age of 14.3±8.8 months and ended at the age of 25.2±12.7 months; mean duration with IVIg therapy was, therefore, 14.6±9.0 months. Demographic and clinical characteristics and laboratory data of patients who were treated and who were not treated with IVIg are summarized in Table 1 . In the non-IVIg group and IVIg group, 30% and 91% of patients had infections more than six times per year, respectively. In the IVIg group, mean age at diagnosis was 13.4±9.5 months which is lower than the non-IVIg group. In the IVIg group, the percentage of frequent infections (6-12 times per year) decreased from 91% to 21% after IVIg therapy (Table 2) . No statistically significant difference was found either before or after therapy for infection type (P=0.129) or frequency (P=0.446) ( Table 2 ). On the other hand, duration of follow up for each patient was divided into two periods in the non-IVIg group: initial period and recovery period. The total number of infections in the initial period in the non-IVIG group was 47 while this was 42 in the second period. The total numbers of infections in the non-IVIg group decreased slightly but this was not significantly different (P>0.05).
Laboratory data did not show any significant difference between the IVIg and the non-IVIg groups except for initial IgG levels (P=0.048) and anti-hemophilus influenza B antibody levels (P=0.009) which were lower in the IVIg treated group (Table 1) .
The percentage of patients who had protective specific antibody response to hemophilus influenza type B was significantly lower in the IVIg group (91.7%) compared to the non-IVIg group (100%) (P=0.009) ( Table 1) although all patients had all doses of hemophilus influenza type B. Anti-rubella and anti-rubeola responses also showed significant differences (P=0.044 and P=0.050, respectively) and they were very low in the IVIg group, e.g. 44.4% for rubella and 45.5% for rubeola.
In the group of patients who did not receive IVIg therapy, serum IgG levels increased to age-related normal levels at the age of 40.7±19.8 months. On the other hand, age of normalization of IgG levels in THI patients who received IVIg was 42.9±22.0 months and there was no statistical significant difference between the two groups (P=0.812) ( Table 1) .
Discussion
Transient hypogammaglobulinemia of infancy is a common primary humoral immunodeficiency disorder characterized by a delay in maturation in the normal production of immunoglobulin. It usually resolves by the age of 30-40 months. 1,2,9 Prevalance of primary immunodeficiencies for Turkish patients is 30.5 per 100,000 (18.8 per 100,000 in Ege University records) in the European Society for Immune Deficiencies (ESID) database and two-thirds of them are humoral immunodeficiencies. 10 THI is the most common disorder with a prevalance of 7.01 per 100,000 in registered patients.
In the report by Walker et al., 11 the mean age of symptoms of THI patients was ten months (range 2-24) and they also had lower IgA and IgM concentrations in addition to IgG. The age of our study population ranged between 6-48 months and the mean age of all patients at admission was 14.5±9.5 months. There was no difference in IgA and IgM concentrations according to age-related normal levels.
In the literature, THI patients show male dominance (Walker et 13 ). A total of 69.8% of Turkish THI patients recorded on the ESID database and 83% (55 of 66) of our study patients were also male. 10 Whelan et al. 14 reported that low IgG concentrations in females took longer to normalize than males. We did not make a similar comparison in our study as the majority of patients were male.
Recurrent infections are the most common reasons for morbidity and hospitalization, and are frequently related to humoral immunodeficiencies. Physicians often prefer antibiotic prophylaxis or follow up without medication, but some authors proposed that the lack of specific antibodies should be used in the decision making process when treating THI patients with IVIg. 7, 15 Duse et al. 16 suggested that IVIg should be used in severely symptomatic children in order to stop the vicious circle of infection-immunodeficiency. They treated 13 severely symptomatic THI children with IVIg (400 mg/kg/every 3 weeks) for a period of three months and followed them for 1-3 years. Their patients had respiratory tract infections and showed a 10-fold decrease in the frequency of infections after IVIg therapy. They speculated that IVIg was more effective than antibiotics in treating viral infections in infants by means of its antiviral antibody contents.
In our study group, 43 of approximately 400 THI patients who underwent follow up in our outpatients' clinic received IVIg. This rate (10.7%) corresponds with the profile of our hospital as a tertiary care center. The pharmacokinetics of IVIg shows considerable intraand interpopulation variability among patients with normal immunoglobulin levels, patients with primary immunodeficiency diseases, bone marrow transplant recipients, patients with immune deficiency due to chronic lymphocytic leukemia, or in some other diseases. 17 In different pharmacokinetic studies in pediatric primary immunodeficiency patients, IgG half-life was found to be between 30.9±11.3 and 50.8±30.3 days. [18] [19] [20] Our patients received IVIg therapy at 6-8 week intervals because of some social and economical problems, and the variable half-life of IVIg among patients. In our previous study, we had declared frequency of upper respiratory tract infections as 76% in patients with IgA and/or IgG subgroup deficiency. 21 ons (70% and 88%, respectively). 2, 12 A total of 47.5% patients had 6-12 infections per year in the study by Karaca et al. 9 This rate was approximately 30% (n=16) in our non-IVIg group. In the other group, this rate decreased from 91% to 21% after IVIg therapy (Table 2) . A decline in the frequency of infections was remarkable after IVIg therapy but the difference was not statistically significant (P=0.446). It was observed that IVIg therapy led to a decrease in severe infections (such as lower respiratory tract infections) from 28% to 5%. The increased percentage of upper respiratory infection after IVIg is due to a decrease in the general rate of infections and the two are, therefore, related.
In literature, lymphocyte subset percentages in THI patients are generally reported within age-related normal ranges. 2, 14, 22, 23 Similarly, we had found both the initial lymphocyte subset percentages and their absolute counts to be in the normal range in our present and in our previous studies. 9 In the report by Artac et al., 24 T-cell, B-cell and NK-cell counts were also within normal ranges. Percentages of CD19 in B cells were normal, but CD19 median fluorescence intensity was lower in THI patients than in the control group. CD19 + 27 + memory B-cell percentages were also low in the study by Artac et al. n contrast with our reports of normal values (3.4±1.4%) in one of our previous studies. 9 Moschese et al. 25 also reported a lower frequency of memory B cells in patients over the age of 24 months. The reports by Artac and Moschese suggest that the evaluation of memory B cells can be used to predict the outcome of the disease and facilitate differential diagnosis. We did not evaluate memory cells in our present study group.
In addition to serum IgG levels, the number of patients with protective specific antibody response to hemophilus influenza B was significantly lower in the IVIg group (91.7%) in comparison to the non-IVIg group (100%) (P=0.009) ( Table 1) . Serum antibody levels against hemophilus influenza type B were also significantly low. The percentages of protective anti-rubella and anti-rubeola responses were also very low in the IVIg group. Infants are immunized with MMR vaccine at the age of one year in Turkey. The patients who did not present antibodies against these antigens were checked again; they were all over one year of age and they had all been immunized. These findings provide another reason for selecting which THI patients should receive IVIg.
Transient hypogammaglobulinemia of infancy is characterized by IgG maturation defect. Most of the patients' IgG normalize at around 36 months of age but recovery may sometimes be longer. 13, 14, [26] [27] [28] Different studies showed that IgG normalized at 30-40 months in 76% of patients, 2 at five years in 80% of patients, and at ten years in 70% of patients. 13, 28 Keles et al. 29 reported that only 25% of patients had complete resolution of their immunoglobulin abnormalities before three years of age and mean recovery age was 68.8±36.5 months. On the other hand, some authors believe that periodic administration of IVIg therapy may cause a delay in the maturation of the immune system. In our study, it was clearly observed that there was no statistical difference between the ages of IVIg treated and non-IVIg treated THI patients whose IgG levels achieved normal values, although the mean duration of IVIg therapy was more than one year.
Conclusions
We can conclude that use of IVIg therapy in selected THI patients with severe and recurrent infections might be prefered on account of the better clinical improvement achieved. In most pediatric immunology centers, approximately 10% of THI patients receive IVIg therapy. In addition to other well-known parameters, the physicians can easily decide if such therapy is appropriate if the patient has very low IgG levels (371±134 mg/dL) and inadequate or non-protective specific antibody responses to routine vaccines. Infused IVIg does not prolong immunodeficiency in THI patients.
